TR AGATRL ST R et Wt R AT T RS i

AD-AQI13 124

THE EFFECT OF FATIGUE UPON SONAR
DETECTION

E. C. Poulton

Royal Naval Personnel Research Committee

Prepared for:

Defence Information Research Centre

September 1972




SUMMARY

Manv vigilance experiments are not verv relevant to sonar
work. The most relevant experiments are listed 1n Table 1. In
must experiments vigilanc~ declines during the watcn, even after
{airly prolonged practice at the task,

The decline in vigilance can be prevented if idertical artificial
signais are injected when there are no real signals, and full
knowledge of results is given on the artificial signals (Figure 1),
Another method of maintaining vigilance is to provide the man
with the assistaace of a computer. If desired the computer can
be programmed to inject artificial signals, and give knowledge
of resu.ts on them. when it detects no true signals.
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Tabic 2 lists the effects of mild stresses upon vigilance.
A sleep debt of about 5 huurs reduces vigilance. With enlisted
men, vigilance is iow at the start of the working dav. and after
a heavy mexi. A cabin which is rather too warm for comfort
mav help to increase vigilance. So mav extraneous noises.
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Vigilance experiments and sonar detectiua

Sonar work

1. Sonar work can be described using the parameters of vigilance experiments. It
involves prolonged und repeated work sessions, with very few signals and inadequate
knowledge of results. Visual search mav or may not be invoived.

2. The sonar man has to work a number of hours every day trying to detect targets.
Usually there are few ships close enough to be detected. There may be few or no
targets during a complete watch

3. When a target is detected, the officer of the watch may not know whether there is

a ship in the vicinity. So he cannot always state confidently that the scaar man is
correct in his detection, or that he has made a false detection. Perhaps more
important, when an obvious target is not reported, the officer of the watch often does
not know that an obvious target has been missed. Thus the sonar man has no clear idea
of how well or badly he is performing.

4. Visual search is not required when a sonar man works with the output of a singie
channel, whether it is displayed to his ears or to his eves. Visual search is essential
with present day sonar systems. where the man receives the outputs of a number of
channels. In future systems. a computer may be able to mark the areas of the dispiay
for the man to look at. lere visual search will cease to be quite such an important
aspect of sonar detection as it is in present day sonar systems.

The most relevant vigilance experunents

5. The most relevant vigilance experiments involve repeated prolonged work sessions,
without knowledge of results on the success of detections. Examples are the 2 week
watchkeeping experiments carried out at MRC APU, which are summarized by
Colquboun, Blake and Edwards (1369b). These and the other most relevant experiments
are listed in Table 1.

6. All the experiments in the table have more signals than a sonar man usually
receives. This is because more signals supply the experimenter with more iata,

and so improve the reliability of his results. The experimenter strikes a compromise
between presenting few enough signals for the task to be a vigilance task, ani
presenting sufficient signals to provide an adequate amount of data on performance.
There is one experiment in the table with only 1 signal per 1 hr session (Loeb and
Binford, 1970). Even this represents 24 sonar targets in 24 hours.

7. Column 5 of Table 1 shows that most of the experiments have brief signals. The
chief exceptions are the experiments by Adams (Adams, Humes and Sieveking, 1963;
Adams, Humes and Stenson, 1962) and by Wallis and Samuel (1961). Here the signals
last respectively up to 20 sec and up to 60 sec. It might be thought that brief signals
are not representative of visual sonar dieplays, because the phosphor p:.rsists for
seconds or even perhaps for a minute. This is not necessarily so, eve: with a
persistent phosphor.

8. Brief signals can be regarded as representative of visual search tasxs. This is
because if the man does not happen to be attending during his brief glance at a
particular display area, he wi!l miss a signal in this area. unless he has another ook
later on. Brief signals are also represcntative of listening to a sona~ which rapidly
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scans a wide angle, because the signal fram a target somewhere in the area laasts only a
second or two. If the man is not attending durirg the critical second or two, he will miss
the signal. The signal may not be repeated on the next sonar scan if the submsrine

from which it comes disappears into the shadow zone.

9. Column 7 of Table 1 shows that the experiments by Adams and by Wallis and
Samuel involve visual search. This makes the long lasting signals they use comparable
to the brief signals used 1n the remaining experiments. The major discrepancy is

the auditory task uaed by Wallis and Samuvel. Here the auditory signals ar: increased
in 1ntensity until the, are detected. If this task ‘vere representative cf sonmar work,
fatique would not be a problem, because a signa! would always be detectes once it had

a large enough signal tv noise ratio.

Other vigilance experiments

10. The vast majority of vigilance experiments (see Davies and Tune, 1970} are not
listed in Table 1. Many of the experiments involve a ghort practice fullowed by a

single experimental session. These experimenis are not included in the table vecause
the man is not sufficientlv practised at the task. In some experiments part or all of the
expected decline in vigilance during the experimental session is masked by the improve-
ment with practice at detecting signals (see Poultan, 1960).

11. In other vigilance experiments c«ch man is presented with a different experimental
condition in each session. The order of conditions is balanced for the group of men
serviag in the experiment, by using a latin square design. For example the number

of signals may be varied from session to session.

12. The difficulty with experiments of this kind is that the results may apply only te
people who have been trained on all the sigral frequencies used in the experiment. The
rcsults do not necessarily apply to people who have alwaya received only 1 small pumber
of signais per scssion. The resuits are likely to bz biassed by range effects, and by
transfer effects between one signal frequency and another (Poulton, 1273).

13. Therv cax be eimilar difficulties of interpretalion if an intensive practice with
many signzls precedes a vigilance session with few signals. At the start of the
vigilance session the man tends to respond more frequent!y than he should, because he
has been responding more frequently during the practice. Using this strategy, he starts
by detacting a high proportion of £ 'gnals But he makes a large tumber of faise
detections (Colquhoun and Baddeley, 1964). This depresses the overall quality of his
performance as measured by d' (an index of the ability to detect signals). Probability
matchking is discuseod ‘n greate - detail later in the review.

Uncomplicated fatigue

The decline in vigilance after fully learning a tack

14. Columns 8 and 9 of Tabie 1 show the duration and number of work sessions in
vigilance experiments with many sessions. The right gide of the table shows whether
there are chantes in pcrformance Auring work periods towards the end of the number
of sessions listed in column 9. Of the 31 entries where results are availzble, a decline
in vigilance during the task certainly or probably occurs in all except 7. The 7
exceptions are oach indicsied by an underlined No.

15. A failure to show a reliable decline in vigilance during the task does not prove that
therc is no ducline. An unrcliable result may be due to using too few people in the
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experument, or be too much vanability in performance. For 4 of the entries in the
table which do not show a rehable decline in vigilance (C H Baker, 1958%: Carpenter,1946;
Colquhoun and Edwards. 1970) there is nothing sufficiently unusual about the experiments
to explain why vigilance does not decline reliablv during the session. If the distribution
of the average measured decline in the 30 or so experiments 15 plotted the results of

the 4 experiments mayv simplv be found te hie in the tail of the distribution. where the
sizas of the measured declines in vigilance approach rero

16. However there are good reasons for the other 3 exceptions, which are discussed
later in the review. In the Hartlev, Olsson and Ingleby (1972) experiment the man
receives computer assistance. In both the Wallis and Samuel (1961) conditions the
man receives immediate knowledge of results. When a signal 1s reported, it is
acknowledged by the experimenter. who turns off the signal.

17. In most of the experiments the decline in vigilance is less marked in the later
sessions after learning the task, thanit 1s in the earlier sessions before much learning
has taken place. There are 2 reasons for this. First, 1n some experiments the initial
one Or more sessions are preceded by an intensive practice period with many signals.
The man therefore exvects frequent signals when he starts the session. Colquhoun

and Baddeley (1964) show that this increases the number of detections at the start of the
session. As a result. there is a greater decline during the course of the session. The
intensive practice also increases the number of false detections at the start of the
session.

18. The second reason for the greater decline during a session before fully learning
the task, 1s that initiallv the task is novel and challenging The man starts with an
intense corcentration, which he cannct maintain for the duration of the session. As
his leve! of arousal falls during ihe session, his peformance deteriorates.

19. The change in the leve! of arousal during the initial vigilance secssion is reflected
in various phvsiological measures (Dame!. 1967: Davies and Krkovic. 1965; Eason,
Beardsall and Jaffee, 1965: O’'Hanlon, 1970 Wilkinson and Haines. 1970). The people
who show marked physiological measures of arousal during an initial session, tend to
detect more signals during the session than people who show less marked physiological
maasures of arousal (O'Hanlon, 1970; Poock, Tuck and Tinslev, 1969). However

most of the changes in the plivsiological measures are barelv reliable statistically.
This is because people vary a good deal in the particular physiological measures which
indicate their individual levels of arousal (Poulton, 1970, Chapter 2).

20. After a good deal of practice,the task ceases to be novel and chailenging, The man
then starts with a level of concentration which is not muci. ~have the level which he can
maintain throughou. the session. The declise in vigilance ruring the session is
therefore smaller.

Immediate knowledge of resuits may prevent or reduce a decline in vigiia., »

21. In columns 10 and 11 of Table 1, knowledge of results is listed as immediate or

delayed. With immediate knowledge of results, the man is usually informed at once

when he correcily detects a signal, and when he makes a false detection. If a signal

i& uui detected within a fixed short period of time. the man is teld that he has missed
a signal.

22, With delayed knowledge of resuits, the man is usually told after each session how

many signals he has detected. how many %: has missed. and thc number of his false

detections. His scores and those of his colleagues in the experiment may be posted on
-3~




a notice board for everyone to ~ee. In some experiments immediate knowledge of resuits
is combined with delayed knowledge of results. The combination is called by Wilkinson
(1964) full knowledge of results.

23. It has already been suggested that immediate knowledge of results may have
prevented the decline in vigilance in the experiment of Wallis and Samuel (1961). ‘There
is a suggestion in the exper'ment by Wiener (1968) that immediate knowledge of results
may have reduced the size of the decline in vigilance within sessions after praciice.

If anything the undergraduaies who always receive immadizte knowledge of results show
a smaller decline in detections during their last session with knowledge of results, than
does the control group of undergraduates which is always without knowledge of resuits.
But unfortunately Wizner does not report the statistical reliability of the difference.

24. A number of experiments compare immediate knowledge of results with no knowledge,
using oniy 1 or 2 experimental sessions. Immediate knowledge of results is found to
increase tha number of detections and the speed of detections, and to reduce or eliminate
the declibe in vigilance within sessions. As already indicated, a difficulty about these
brief experiments is that the man has not fully learnt the task. Immediate knowledge

of resuits helps to ieach the task. More ranid learning may aione account for the effect
of immediate kuowledge of results in such brief tasks. It cannot be deduced that
immediate kncwledge of results will have an equally beneficial effect orce the task %as
been fully learnt.

Delayed knowledge of results and probabilitv matching

25. In vigilance experiments, a number of sessions with delaysd knowledge of resuits
can produce behaviour known as probability matching. The man makes about as many
responses during each session as he knows that there are signals. Of the erreriments
listed in Table 1, probability matching after practice is shown in the experiments of
Buckner, Harabedian and McGrath (1960), Hartley, Olsson and Ingleby (1972),

Hatfield snd Soderqguist (1969). and by Wiener's (1968) group with immediate knowladge
of results,

26. If the man adopts the strategy of probability matching, he makes a relatively large
number of false detections when he detects few signals. He makes relatively few faise
detections when he detects most of the signals. Thus d' (an index of the ability to
detect signals) andg (an index of cautiousness) rise and fall together.

Full knowledge of results on additional artificial signals

27. It is not often possible to tell the sonar man when he has correctly detected a

signal, or missed a sigral. But Wilkinson (1964) points out that full knowledge of results
can be supplied on signals which are injected artificially. Figure 1 from his paper
illustrates the advantage of doing this. '

28. The unfilled pointa show the proportion of detections of 8 real signals by a group of
6 enlisted men, who are given an additional 40 artificial signals on alternate sessions.
On the 40 artificial signals the men receive immediate knowledge of results, ana sco. 2s
on these signals are posted on a notice board after each session. No knowledge of
results is available on the 8 real signals. The artificial signals are identical with the
real signals. The men are not told wiien an artificial signal will appear, as they are

in the unsuccessful experiment by Wallis and Newton (1957). The filled points represernt
a control group of 6 men who never receive artificial signala, nor knowledge of results.
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Pigure 1, Tne effect upon the detection c. real signals of
injecting artificial signals (4S) and giving knowledge of results
(KR) on them. A. Sessions 2, 2 and 6 with 40 artificisl signals
identical with the 8 real signals (IAS). B. Sessions 1, 4 and
5 with only 8 real signals (NoAS). The filled points represent
the results of a control group which never receives artilicial
signals. (After Wilkinson, 1564).

The differences in height betweon the functions with filled
and unfilled points are probably due to an initial difference
betweean the 2 groups of maen. In the very first eession without
artificial signals, the men who are to receive artificial
signals make twice as many detections ss the control groug,
and 5 times as many false detections. Doth differences are
statistically reliable. The results :n the figure louk much
the same if the first 2 sessions are excluded on the grounds
that the men are not then fully practised. The letails of the
experiment are listed towads the botitom of Table 1. For the
group (not snown) with differemt artificial signals, the
artificial signals last 0.67 sec,

29. The left side of the figure shows that in the one hour se=sions with identical
artificial signals and knowledge of resuits on them, vigilance on the real gignals does
not decline during the hour. Whereas with only the 8 real signals without knowledge
of results, vigilance does decline. If an early sessicn is excluded becaur 2 the i:en
are not fully practiced, the decline in vigilance is statistically re‘iable.

30. The right side of the figure shows the results of the alternate sessior. when the
experimeatal group has only the 8 real signals. Here vigilance declines as much during
the hour as it does with the control group which always has only real signals. Thus in
this experiment it is necessary to continue to provide artificial signals if they are to

be of the greatest benefit. It is not yet known whether chis is necessary v'hen only
occasional artificial signals are injected.

3i. Wilkinson (1964) runs 3 other experimental groups. The results of one group
indicate that to be of greatest assistance, the artificizl signals have to be identical

with the real signals. The results of the other 2 groups indicate that to be of greatest
assistance, full knowledge of results, both immediate and delayed, must be given on the
identical artificial signals. Teiling the man at once when he detects an artificial

signal, or {ails to detect an artificial signal, prevents part of the decline in detections
on the real signals. But the decline is only fully prevented by also pcsting the scores
on the artificial signals on a notice board after each session, and drawing thc man's
attention to his and his coileagues' scores. To get the best out of the man, his

reputation among his colleagues as a sonar man must be made to depend upon his
performance.

32. If results similar to those in Figure 1 are obtained with only occasional artificial
signals, it will suggest a possible use for a computer which works in parallel with the
sonar man. When the computer fails to detect any possible signals, it can be
programmed to inject an artificial signal from a store of artificial signals, and to
provide knowledge of results on it. This will help to keep the man alert when there are
no real signals. It can also serve a useful function in training at sea, if the artificial
signals are selected to bc a representative sample of the likely signals, and vary in
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signal to noise ratio.

Problems of operating with arti*.cial signals

33. In using artificial signals mixed with rea: signals at sea, the principal problem is
the appearance at the same time of an artificial signal and a real signal. This can
happen if the computer does not detect the 1eal signal, and so injects an artificial
signal. If the computer subsequently detects the real signal, it can indicate this to the
man, and hurriedly remove the artificial signal. But if the computer leaves the
artificial signal because it does not detect the real signal, the display will present 2
vsimultaneous signals. The sonar man may not detect both signals, if his attention is
fully occupied by the first signal which he detects. When he happens to detect the
artificial signal first, he may miss the real signal unless he is on the look out for more
than one signal. Thus “e must be warned to expect more than one signal at a time.

34. If the sonar man detects the real signal first, there is only a small chance that it

will be confused with the artificiai signal. For confusion to occur, the 2 signals must
have about the same range and bearing. Though possible. this is unlikely to happen

very often. If the artificial signal is switched off as soon as the computer is

interrogated, the presence of the real signal in the same position should then be noticed
by the sonar man. This is because he will use the criterion of disappearance of the

signal to decide whether the signal is real or artificial. If he sees that the signal remains
on the display after he has interrogated the computer, he will know that it represents

a real target. He will then follow the procedure which is laid down inr reporting real

targets.

35. A minor problem in the use of artificial signzls may occur if the officer in charge
decides to stop the injection of artificial signals for a while. He may do sn if he
expects signals from a number of real targets. In Figure 1 the probability of
detecting real signals falls almost as soon as the artificial signals are removed.
Officers need to be warned of this possibility.

Computer assistance as a substitute for knowledge of results

36. Computer assistance is an alteruative method of combating fatigue during sonar
work periods. In the experiment by Hartley, Olsson and Ingleby (1972) in Table 1,

a group of 16 enlisted men receives assistance from a computer. Two seconds before
each noise burst which may contain a tone signai, a displav indicates whether the
computer has detected a signal. The computer uses 6 degrees of confidence, from
certain signal to certain no signal. The computer is correct on 75% of trials.

37. Without computer assistance, a control group detects reliably fewer signals in the
second halves than in the first halves of the las’ 4 sessions. With computer assistance
the decline in vigilance is small, and not statistically reliable. It is about one quarter
the size of the decline v/ithout computer assistancc.

38. The vigilance of the computer does not change. 1f the man follows the coriputer,
his performance should not change either. The small drop in the number of correct
detections presumably occurs on trials when the man fails to follow the computer. It
is not yet known whether the decline in vigilance can be prevented by a computer whicn
is less often correct, say on only 65% of trirls instead of on 75%.
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Figurs 2. The effect upon the detection of wanted or target
signals of presenting many unwanted sets of signais. The
filled points represent the results of a control group of

12 enlisted mer which receives 12 sets of unwanted signals,
and 12 sets each containing a wanted or target signal. The
unfilled points are fcr a separate group of men which receives
132 sets of unwanted signals, and *2 ssts each containing a
wanted or target signal. (After Colquhoun, 1561).

Computer assistance with changes in critericn

32. It might be thought that when there are no obvious signals, the computer should
adopt a less cautious criterion. It wiil then indicate signals when they are less likely
to be targets. An experimental simulation of this question has not yet been attempted.

40. Indicating less likely targets may not he found te improve detection. The less
likely targets may have a similar effect to Cclquhoun's (1961) unwanted visual signals,
which is illustrated ic Figure 2. In the condition with few unwauted signals, each

of 12 enlisted men are presented with 24 sots of 6 visual signals. Twelve of the sets
each contain cne target signal. The remaining 12 sets do not contain a target signal.
The total of 24 sets are aistributed at irregular intervals during the 40 miautes of the
experimertal pernod. The display is blank for 98% of the time. During this time the
man can relax.

41. In the condition with many unwanted signals, a separate group of men are presented
with 144 sets of 6 visual signals. Again 12 sets each contain one target signal. But
here there are 132 sets which do not contain a target signal, 11 times as many as in the
previous condition. The display is blank for 88% of the time. The difference in height
between the 2 functions is reliable statistically. In both condit fons about 3% of the
unwanted signals are reoported as targets.

42. Colquhoun's unwanted sets of signals reduce the proportion of detections, instead
of increasing it. The effect is in the opposite direction to the effect of Wilkinson's
(1964) identical artificial signals with knowledge of results on them. This is because
Colquboun's extra signals are unwanted. The man becomes used to rejecting them.
Probably as a result, he rejgcts more real target signais when they do appear. The
resulte have been confirmed since by Jerison, Picke‘t and Stenson (1965), and by
Loeb and Binfora (1968).

43. The experiment suggests that it may be unwise for the computer to change its
criterion from the optimum when it fails to detect any signals for a while. If it is
wighed to keep the sonar man alert, it would appear preferable for the computer to
insert identicai artificial signals from a store of typical signals, and present
knowledge of results on them. As already indicated, the signals could help to train the
man at sea, as well as helping to keep him aler.

Mid stresses which reduce or increase vigilance

44. Vigilance tasks which resemble sonar work are particularly susceptible to stress.
This is becausge the tasks are prolonged and boring. Vigilunce tasks are therefore
standard tasks to use in assessing the influence of relatively mild stresses upon work
(Wilkinson, 1269b). There are a number of experiments which illustrate the effects
of various stresses upon vigilance tasks. Experiments which give reasonably

unamb iguous reaults are listed in Table 2. Not aii the stresses are detrimentel. An
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uncomfortably hot sonar cabin with a bit of noise may help to maintain vigilance.

45. The experiments upon reduced sleep and watchkeeping towards the trp of the table,
are based upcn relatively long series of work sessions. So are the experiments on the
effects of fever. Most of the rem.ining experiments in the table are based upon the
minimum number of sessions which are reguired to compare the various experimeatel
condi.i ons.

46. There are 2 disadvantages oi short experiments, which limit the generalit; of the
results. First, as already pointed out, the task is not: well practised. It is no
possible to tell whether the task will be more or less affected by tha stress wher. it is
performed by people who are better practised. All one can conclude with reasonable
certainty is that the task is likely to be affected to some extent.

47. The second disadvantage of sho~t experiments is that the people are not used to the
particular stress. This criticism does not appiy to the experiments on heat in Table 2,
because in both experiments the men are well acclimatized before testing starts. But
the criticism does apply to the remaining short ex:periments in the table.

48. There is some evidence (Wilkinson, 1969b) that people who are used to a particular
detrimental stress tend to perform better under the stress than people who meet the
stress for the first time. There are a number of reasons for this (Poulton, 1870, page
34) which will not be discussed here. It means that the detrimental effects reported

in the table for unacclimatized p:0,le may be less marked for acclimatized people.

But it seems unlikely that the efiects will disappear completely upon acclimatization.

49. With detrimentai stresses, the unacclimatized sonar man should be the typical
person. Permanent detrimental stresses can usually be avoided. This is particularly
important for the sonar man, because sonar is so easily affected by stress. It should
be only in exceptional circumstances that the sonar man is exposed to detrimental
stresses which can be avoided.

Avoiding loss of sleep

50. Table 2 shows that a sleep debt of about 5 hours reliably reduces vigilance. A sleep
debt is cumulative. The effect is much the same whether the 5 hr are lost on a single
night, or whether fewer hours are lost on each of 2 or 3 consecutive nights. If a

sonar man spends part of the night awake on watch, ke should be given compeasatory
sleep the next day before coming o watch again.

51. In the socond section of the table, loss of sleep is probably partly responsible for
the reduced vigilance at 05. 00 hr on the rotating watch. The men work the previous
evening from 20. 00 to 24. 00 hr, and come on watch again at 04. 00 hr. This means
that they probably have a sleep debt of about 5 hr when they cosne on watch at 04, 00 hr,
because part of the 4 hr breek is taken up with getting to and from their sleeping
quarters, havirg a snack, and so on.

52. The result indicates that a sonar men who works the second half of the night, should
rot work late the evening before. The time should be spent in going to bed early, in
anticipation of the early rise th» next day.

§3. Unfortunately this stili lesves the croblem of the low leve!l of vigilance on first
waking up, which is discussed it the next aecticn, If the sonar man gets up a few hours
before he comes on duty at 04. 00 hr, he mixzes most of the night {for sleeping. To
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compensate for this, he needs to sleep in the late afternoon and evening. Tt is not an
easy time to sleep, unless a man is uged to it. Getting men used to sleeping at uncon~
ventional timas of the day, means introducing a stabilized watchkeeping svstem. .

Reduced vigilance at the start of the working day and after a heavy lunch

54. Unfortunately it is not possible to compare the overai! levels of performance of the
watchkeeping experiments listed towards the top of Table 2. This is because the tasks
performed are not comparable. But there is an important conclusion which can be drawn
fro the experiments with stabilized watches. This is that after acclimatization,
vigilance terds to be low at the start of the working day at whatever timne in the 24 hours
it occurs. Vigilance «lso tends to be low after a good lunch.

55. There are quite simple ways of counteracting these undesirable effects. The sonar
man should get up an hour or two before he starts his watch. And the heavy meal of the
day should be taken after work, not just before a watch.

Increased vigilance when a littie too hot for comfort

6. Table 2 ahowg that acclimatized men are most vigilant at an effective temperature
of about 27 C (80 F), wlae:x drgased only ir shorts. Thic corresponds to an air
tempgrat\. of about 31 C (88 F), with a humidity sufficient to give a wet bulb reading
of 25 C (77 F), and a certain amount of air movement. Men are less vigilant in both
hotter and cooler climates. They are more vigilant with a mild artificial fever, although
not with a feverish illness.

57. This suggests that sonar rooms should be too warm rather than too cool. Perhaps
an air temperature of 27 C (80 F) should be recommended for men dressed in shirts
and trousers. However the results favouring warmth are based upon short tests with

a relatively large number of cignals. Except for the experiments on feverish illnesses,
all the signals come from a single source. No visual search is involved. Clearly a
final conclusion must await trials at sea, using sonar cabins with different temperatures.

Varied auditory stimulation increases visual vigilance

58. The first section on noise in Table 2 is concerned with the effect of continuous loud
noise on visual vigilance tasks. Columns 3 and 4 show that noise at a sound pressure
level of 100 or 95dB sometimes reduces vigilance and sometimes increases vigilance.
This is because noise has 2 cpposite effects upon performance. It reduces the efficiency
of performance, but it does keep the man aroused and alert. In vigilance tasks the
arousing effect is sometimes more impartant than the effect upon efficiency. This
suggests that ship noises are not necesserily harmful to visual sonar work.

59. The third section on noise is concerned with varied noise, generally between 70
and 80dP. Varied noise is heter than continucus unvarying noise when a man is
performing a visual vigilance task. This suggests that the sonar man should not be
kept isolated and quiet. He is more likely to remain alert in a cabin with otkar
activities going on around him.

Motion sickness remedies

6C. In rough weather the ofticer in charge has an unsatisfactory choice. He can have
a sonar man who is inefficient because he is feeling and being sick. Or he can ave a
sonar man who is inefficient because ne has taken a remedy for motion sickness which

-11-




depresses the brain. The experimerntal comparison needs to be carried out at sez2 in
rough weather. It has still to be done. The only experiment of the kind yet to be
performed, usee simple arithmetical ad2itions as the task, sad life rafts on artificial
waves. The enlisted men perform better with the motion sicknesa remaedies than
without (Brand, Colquhoun, Gould and Perry, 1967).
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TABLE 1. VICILANCE EXPERIMENTS ¥ITH BEPZATED
Naturc of
Signals Visual Ses
; autnor{s) Year
Duration| Xo, per Search Duzation
No signal Signal (Sec) hour (win)
43am, Prown, Colcuhoun, 1972 0.6 sec tone every 3 sec 0.68 sec tone 0.68 60 Ro 30
demilton, Oredorn, Thoaas
and Yorsley
Maca, fumss and Sieveking 1903 36 letter Gs with poseidle G changes to P 20 45 Yes 180
changes every 4 seo
3 Adeas, Humes and Stenson 1962 6 letter Gs with possible G changes to P 20 45 Yeo» 180
changses every 4 sec
3
y Allutal zng Aad 1963 0.25 sec tone every 1.2 sec Tone after 1.05 sec 0.25% 8 Yo 240
i
Attwood and Wiener 1969 | 20° needle deflection 30° deflection very 40 Ko 48
every 1.2 sec short
2 8 Sassr 1903 s. Continuous rotation Rrief hesitation 0.4 )24 Fo 120
of clock hand 2
b. Cintinuous small Deflection to right at 0.25 3
deflect.cne of needle least 2.5 times as large
¥ A Beker, Dpwizz and Tare | 1061 Continugus light Brief interruption c.03 24 Fo 30
A : Sinford and Loeb 1966 6748 noise pulse 6 1.84B noise pulee 0.5 30 No 80
? i svery 2.5 aec
|
§ Bickner, Haradedisn and 1965 1 ssz light every } sec, or ) | Slight increase in intensity 1 13 to Nt Ko & |3
. $slrath 1 nes ?‘%0 Hx Mm)evuy 3 sec) .
: j {tare dlrerrat very | 24 Xo 120
! Serpanter 1946 2,75 ca jump of tip 1.5 ca jump sho!
i of needle every 1 sec
i
! Solquhout, Bleke and Bdwards® 1908a | Tones of 300, 500, 700 Transient small increase 0.2 50 No 120
; and 900 Hz with random in intensity
i amplitude modulation
: 1 43 Wo 50
Zoiquioun, Blaxe and Bdwards 1948b | Comtinuous #hits noise 900 Hs tone burst
0.2 30 | Yes for 96
Colguhcun, Blake and Edwarde® 19098 { 4 tones and/or 4 small circies | Transient small increase or 45| visual and (3x32
of light wath randos amplitude | in intensity audiovisual or
sodulation (tesk rotation) conditions 2x48)
! [
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: | ! ; Changes within sessions
Knowledge ‘ther . after practices
Visual Sesspions , -gople . |
! of results i Pointe . Increased
. ‘ | Teterioratinn saut.ion
Io.p.:l Searcn Duration . . , ! Talse
honr‘ (mr) ¥o. Isnediate, Delayed | Ne ! Kind letectione 4t ] T | detactions| g
: - : ——
t '
60 Nc ko) 24 %o No 12 | Enlistad wen {results not avaiisble)
! - .
‘ | i ‘
i i i i
45 | Yes 180 10 No 2 12 ' "niersraiu«-es . Yes
|
. ; i
45 | Tes 180 10 Yo » 12 | Undermradus‘es Yes
; i
1 i
8 : Ne 24C 4 o Xo 25 Undergratus’ es Atd41t.onal tasks Yes?
40 %o 48 5 %o Yo 17 Men unier- tesults ‘rom 2ontrml | Yes® 2 ! :
. graduates zondition only f | ! !
i t
}24 : No 120 5 No? K 16 Jqnusenives No : !
) ' | :
) , 1 t
) 16 ) Yoq? | :
. - !
24 %o 30 15 No? » 15 TS Army : (resuits n@t available! '
nfficers ' |
30 No 30 9 No? Yeos® 12 ;Under- . ?1 criterion) for Ko Yes! %o No
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| |
| |
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TANLE I, !Contaﬂl!
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i
i

!
l

Rature of
Sighals Visual Seseic
Author: 3) Year
%o, per | Search Durstion
Mo Signel Signal "“f;:‘)" bt (min)
culjuh~un and Edearde 1970 © black discs each 0.65 ca 174 increase in ares of Yeos
diaseter with 2,2 ca between one disc 1.8 <08 40
centres
2 black disce 9% imcrease in sres of ¥o
1 blach diec one disc
artley, Olsson and 1972 0,5 sec white noise 1,000 Hz tome in the noise 0.5 k2 ¥o 75
Inglaby burst every 15 sec burst
fatf1el1 and Soderquist 1909 7048 noise pulse every 2.5 sec 71.64B noise pulse 0.5 60 Ko 90
Loed and dinford 1977 724 noiee ,ulse every 2.5 sec 72.24B noise pulse 1.5 3 Po 60
fallis and Sewuel 1901 s. 43 rpo P71 shoming 1.5 or 2 wm dlip
clutter, and ' 9 10 Y 1
b. Continuous 754D noiwe. Three 83.5 Hs tone ulnes . %
(2 simltaneous tasks) repeated eavery 4 nec 1 d3 180
more intense than :::ﬁ“‘ +10 Yo
previously
‘are, Sipowicz and Baker 1961 Continuous white noise Prief interruptiom 0.0} 24 Ko 90
febd and Wherry 1960 Cortinuous 20° Yz “one Change to 180, 190, 210 3 12 or 3¢ %o 540
or 220 Rz tone and back again
Tiener 1968 20° needle deflectizn 30° deflection very 40 o Abé
every 1.2 sec short
#1.r1nson 1964 0.5 sec tone every } sec 0.37 sec tne 0.37 8 %o 60
¥1lkinson and Ci-.rde 1968 0.5 sec tone every 3 sec 0.37 sec tone 0.37 14 %o 25;
1

# 4 question mark after a Yes :ndicates that the change

in perfareance say n,t be reliabdle,

® Ses lolquhoun (1966) for some of the experimental

details.
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Tods o after practice 4
Know . ‘her
Visual Sessions teuple
of resulte L4 Points - Increesed
, Teteriorat.on caution
Falne
.°'| per | Search (.n::z‘m Fo. Iamediate | Delayed| No. fimd letectinons | 4 | T detect.ns ¢
f
Yes 8 Yes
108 40 8 Bo No Enlisted man Yo Yo Yen Yoo
%o <] ; E
u %o 15 8 %o Tes :2 g&:hnod wen | {Control cndition Yes %o -
(Compu* /v assist-~ Ko %o ;
lance :
60 %o 30 10 %o ? 9 Snlisted men | Yes Yes Ko %o |
1 Fo 60 5 No? Yes? | 25 Undergrad- | Yes? Tes” Yey?
ustes
10 Yes 135 )] Yes ? ) tnitsted Visua. task un
) sircrew
«10 Xo 180 5 Yes ? Y24 {Auditory °ask L
) )
24 Ko 90 10 Yo" ? 20 Enlisted men {remul*s prt ava.lab.e) |
12 or 33 %o 540 5 Ro? ? 3 Erl.c*ed mem | "ithin =eselon Yey'
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with time of day
40 %o 48 6 Yo No 13 Men uncier- Yeu Ne
S Yes %o 2n greduates Tes ve
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TABLE II, EFFECT OF STRESS UPON *2

Stress Comparison Acclimat Nature of
_. » 3 t )
Better w,rae Reliabld 1zation vigilance task
{
T
1
! keduced sleep | Hours slept
a. on 1 mpght 7.5 h 2 hr Yes ) Listen for an
cecasional tone of
b. on 2 nichts 7.5 hr 5 hr Yes 3 Ko slightly shorter
c. on 3 nights 6 hr 4 hr Yes ) duration than usual
— i
; Tipe of day a., on shore 21,00 hr 08.00 hr Yes? | ) Listen for an
i or night » occasional tone of
21.00 nr Ziisgrhr Yest g Yes |slightly longer
: lunch) } duration than usual
|
| b. on rotsting 17.00 hr 05.00 hr| * No |See Table 1
! watch
t., After getting End of Start of
used to s working working ? Yes |See Tele 1
stabilized day day
watch
1 End of After
‘ working lunch ? Yes |See Table 1
| day
i
f Heat Effective tempers- BI‘ E'I'o Yes ) “atch clock second
ture 'ET) for men 25°%¢ ¢ 18°¢C ) hand for an occasio
stripped to the (767F) (65°F) ) double jump
waint ) Yes
25 30 Yes g
(76°) (86°F)
28°¢ ¢ 20°¢ ¢ Yes )
(827F) (67°F) )
zeog 33 Yes g Yes As above
(82°F) (92°F) )
i Artificial Mouth temperature, 38.5°Co ?36. 5 c Yes Partial (listen for ar occas
! fever of man in PVC suit (101.3°F) (97.7°F) tone of slightly lc

=

duration than usual




ﬂm ~E— - - o ——— ———
m OF STRESS UPON VIGILANCE
- No. of Pecple
Nature of Sessions Authors(s) Year
vigilance task .
per uan No. Kind
Listen for an ) 19 Enlisted men W¥ilkinson 1969a
cccasional tone of ! 60
slightly shorter )
| duration than usual A8 16 Enlisted men | Hamilton,Wilkinson & Ed=ards| 1972
Listen for an 5 25 Enlisted men Blake 1967
occasional tone of
slightly longer
duration than usual
i
See Table 1 22 6 Enlisted men Colquhoun, Blake and 1968a
Edwards
See Table 1 g 48 3 Enlisted men Colquhoun, Blake & Edwards 1968b
( 24 12 Enlinted men | Adam,Brown,Colquhoun, 1972
Hamilton, Orsborn, Thomas
and Worsley
See Table 1 24 12 Enlisted men Adam, Brown, Colquhoun, 1972
Hamilton, Orsborn, Thomas
and Worsley
watch clock second 1 20423
hand for an occasional Enlisted men | N H Mackworth 1961
double jump 20+24
As above 3 18 Enlisted men Pepler 1958
listen for an occasional 16 12 Enlisted men Wilkinson,Fox,Goldsmith, 1964
tone of slightly longer Hampton and Lewis
uratior than usual
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TARLE II {(Continued)

Comparison

Stress Acclimat _Nature of
Better Horse Reliable -ization vigilance task

Artificial Kectal temperature 38.6°C 37.500 Yes Partial watch for an

Fever after exercising (101.5°F) | (99.6°F) occasional flash
for 30 mn in ! 30¢ brighter than
ET 35 C (95°F) usuel

Feverish a. Rectal temperatwre Before During ) Yes ¥o Yuatch fors

illness 3 to 4 days after feyer feyer ) )1. red warning 11

infection with 37°¢C 39¢c ) Yes No )2. green light go
Talaraemia (rabbit (98.5°F) | (102°F)) ) off
fever) )3, amber lights s
o o } blinking

b. Rectal temperature 37T Co 39.2°¢C Yes No )4. moving needle
2 to 3 Gays after (98.5 F) | (1025 F| ) chan-es averag
infection with 37.2% 38.3°C 2 No ) rosition
Phlebotomus (99°F) (101°F) )
(eandfly) fever )

Cold In cold weather suit Watch. for dim ligh
on open bridge slr tempfratgre between one cof 2 p
of HN¥S Kent 3°C -1°C Yes No of brirht ligshts

(36°F) | (32°F)
Noise a. Continuous noise Intensity
Noise from machinery T70¢B{ 1004B Yes No Yatch 29 dials for
cccasicnal needles
| dancer mark
“hite nnisze 100dB 754B Yes No “atch 3 flas.ing s
lamps for an occas
br1§§ter flash tha
180
( 100dB| 7548 Yes No i vatch 1 flashing s
¢ lazmp for an occasi
hrither flash tha
usua
35dB 704B Yes Ko Check 2 sets > wrd
digits for an
occasional wismatc
Noise with humped 83dB| 1144B Yes No watch hands of 3 ¢
spectrum for an occasional
dcuble jump
b. Intermittent noise 100dB | quiet Yes No Detect a different
every 5 sec (544B letter in a group
cont- 15 1dentical lette
inuous)




TABRLE IT !Continuedi

. Nature of
vigilance task

Na of

Sessions
per man

No,

People

Kind

Author(s)

Year

Vateh for an
occasional flash
307 brighter than
usual

14

12

Enlisted men

Colqunoun & Goldman

1972

watch fors

1. red warning light

2. green light goes
off

3. amber lights stop
blinking

4. wmoving needle
chan:i-es average
rosition

)
3
)
)
)
)
§

24
3o

30

30

16

)
)
)
)
)

Enlisted men

S

Alluisi,Thurmond &
Coates
Thurmond ,Alluisi &
Coates

Coates,Thurmond ,Korgan
& Alluisi
Morgan,Coates & Rebbin

1967
1968

1969
1970

T

No

Watch for dim light
between one of 2 pairs
of brirht lishte

16

Enlisted men

Poulton,Hitchings & Brooke

1965

¥atch 20 dials for an
occasicnal needleabove
dancer mark

“atch 3 flasaning strip
lamps for an occasionsl
brig&ter flash than
usu

#atcn | flashing strip
lamp for an occasional
briv?ter flash than
usus

Check 2 sets of written
digits for an
occasional mismatch

watch hands of 3 clooks
for an oczcasional
double jump

Detect a different
letter in a group of
16 identical letters

10

20

12

6+6

24

Enlisted

Nt s N o Nt st s et Seusist? ™t
5

Extraverted
women under-
graduates

Under-
graduates

Under-
graduates

Brcadbent

Broadbent & Gregory

Broadbent & Gregory

Davies & Hockey

Jerison

Warner

1954

1963

1965

1966

1959

1969
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TATIY TT1 {Tontinued)

T
n 1 l
Stress vomparison Acclim:t | Nature of
-izat R BE: t
Better Yorse Reliable izatimn i virilance task
"" |
Noise c. Other noises radio none Yes no i atch lamp for an
programe {szczsisnal brief o
~ricd
i
various white Yes Hn faszn flush: nv lig
noxses nolise ian ozcasional brig
724B 724B ! flasn *than usual
radio white Yes Yo [Tstch clock hanz
conversa- noise i occasi- nal double
tion ? 4B :
radio fan Yes Yo Loor. fer 3 success
broadcasts noise o2d dirits in & ss
80dB 574B 6f tvie-written df
Amphetamine |dl-amphetamine sulphate Dose t
(benzedrine) ( 10 mg none Yes No .at3r ©_tat.ng nee
( an cicasional Drie
é 10 mg none Yes Yo I outeh clock seconi
i for »n cccasional
i Jump
d-amphetamine sulphate 10 mg none Yes Ya ! Listen for an oce:
(dexedrine) [ nise rulse slarhi
' Isu.er *oian usual
Remedy for |l-hyoscine Yone 1 me Yes Yo : Crecx a set of ty
motion hydrobromide I wrztten ligi-s ag
sickness a heard set
Alcohol 70 vl of 90% alcohol None 70 ml Yes ? “reck a set of ty
(equivalentto 2 ¥ritten digits ag
double whiskies) heard set
Hypoxia Percent oxygen in air 21;c oxygen 1%% oxy-| Yes Ko )| “aten [lashing 1i
breathed (equivalent to (sea level) gen )] occasional bright
various heights above (5,600 m )| flash than usual
sea level) nr )
15,000%) )
217 oxygen| 115 oxy-| Yes Yo )
; (sea level] gen g
(6,020 m )
or )
17,0501, )
No . No swoking for 20 hr Normal No “atch for perip}
smoking by habitual smokers smoking smoking Yes Yes glqual sicnals v
racking
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| TARIE I {(Continued)
1
t

. , No. of People
Pl:mt f‘f?‘“’: : :fsk Sessions Author(s) Year
Pa 10n viriisnce ta per man Yo Kind
No ‘atern lamp for an 3 112 Enlisted men | “are,Kowal & Baker 1964
occasi~nal brief off
reriod
o ‘atsh Clasning light for 8 28 Enlisted men | McGrath 1963
an cccasicnal brighter
flasn tnan usual
Mo Tatch clock handé for an 1 15¢15 | Men Poock & Wiener 1966
occasi:nzal double jump undergrad-
uates
Ho Lock for 3} successive 1 14+14 | Undergrad- Davies,Hockey & Taylor 1969
odd dirits in a s2at uates
of <vpe-written digits
hwo “ater rotating needle for 3 56 Housewives J F Mackworth 1965
an c-cusional urief stop
o “atch cioch second hand 3 24 Enlisted N H Mackworth 1961
for an occasional double aen
ump
) Listen for an occasional 4 24 Students Loeb,Bawkes, Evans 1965
noise pulse slishtly and Alluisi
louzer znan usual
o Znecx a set of type- 2 11+11{ Enlisted Colquhoun 1962
written digits arainst men
a heard set
Chewk a set of type- 3 11411| Enlisted Colquhoun 1962
written digits against a nen
heard set
watch flashing light forf) 4 20 Enlisted Cahoon 1970a
occasional brighter ) nen
S flash than usual )
)
)1 6 18 Enlisted Cahoon 1970b
; men
)
)
)
“atch for pei'iph}e‘rgl 2 24 Habitual Tarriere & Hartemann 1964
8 visu 8i while
traca}.nglma s smokers




